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Diazo Compounds 
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Abstract: A new reagent for the oxidation of hydrazones to 
diazo compounds is described. A/-lodo p-toluenesulfonamide 
(TsNIK, iodamine-T) allows the preparation of a-diazoesters, 
a-diazoamides, a-diazoketones and a-diazophosphonates in 



good yield and in high purity after a simple extractive work- 
up. a-Diazoesters were also obtained in high yield from the 
corresponding ketones through a one-pot process of hydra- 
zone formation/oxidation. 



Introduction 

Diazo compounds are useful and versatile synthetic intermedi- 
ates and their rich chemistry has attracted great interest since 
the first synthesis of ethyl diazoacetate by Curtius in 1883."' 
One of their main features is the generation of carbenes or 
metal carbenoids, reactive intermediates that undergo a wide 
range of synthetically useful reactions including C— H and X— H 
insertion reaction (X = N, O, S, P, Si),'^'^' cyclopropanation reac- 
tions and ylide formation.''*'^' With conservation of the diazo 
moiety, they also react as 1,3-dipoles in cycloaddition reactions 
to give heterocycles."'' 

The numerous routes available for the preparation of diazo 
compounds reflect not only over a century of research, but 
also the range of reactivity encountered amongst the mem- 
bers of this class. In fact, few other types of compounds pres- 
ent a stability trend that is so substitution dependent: from 
toxic and highly reactive diazoalkanes to well-behaved, bench- 
stable diazocarbonyl compounds, the stability of diazo com- 
pounds is strongly related to the substitution on the diazo- 
bearing carbon atom.'^ **' Stabilised diazo compounds are usual- 
ly synthesized by the diazo-transfer method, using sulfonyl 
azides as the transfer reagent.'^' The main drawback of this 
method is the hazard associated with the use of potentially ex- 
plosive sulfonyl azides, such as p-toluenesulfonyl azide and 
mesyl azide,""' although safer alternative reagents such as p- 
dodecylbenzenesulfonyl azide"" and p-acetamidobenzenesul- 



[a] S. M. Nicolle, Prof. Dr. C. J. Moody 
School of Cherr^istry 

University of Nottingham, Nottingham NG7 2RD (UK) 

Fax: (+44)115-951-3564 

E-mail: c.J.moodyiS'nottingham.ac.uk 

^3 Supporting information for this article is available on the WWW under 
http://dx.doi.org/10.1002/chem.201304656. 

eP ® 2014 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA. 
This is an open access article under the terms of the Creative Commons At- 
tribution License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited. 



fonyl azide"^' have been used. Possible alternative methods 
are the thermal decomposition of tosylhydrazones in the pres- 
ence of a base (Bamford-Stevens reaction),'' " "' or the dehy- 
drogenation of simple hydrazones. The latter has been classi- 
cally carried out using heavy metal based reagents, such as 
HgO,"=-'" Ag^O,"' "' Pb(0Ac)4,'"" MnO^,"' "" alumina-supported 
KlVlnO^,"" NI^Ob,'''" CrO„"=' but also Ca(OCI)„'"' Oxone,'^^' Ij/per- 
acid'^" and hypervalent iodine reagents.'^**"^"' More recently, ac- 
tivated DMSG"" and NaOCI/TEMPO™ have also been em- 
ployed. However, the most widely used methods (HgO, Mn02, 
Pb(0Ac)4 and AgjO), despite the convenience of some proto- 
cols for lab-scale preparations, do not offer satisfactory condi- 
tions in terms of waste production and/or toxicity. IVloreover, 
isolation of the diazo compound from the reaction media is 
often problematic owing to the sensitivity of the less stabilized 
compounds toward, for instance, purification by column chro- 
matography (as is the case for diphenyldiazomethane). In sev- 
eral examples, the efficiency of the oxidation process is only 
determined by acid decomposition of the diazo compound 
and measurement of the quantity of evolved nitrogen'^"'" ""' or 
isolation of the ester produced (decomposition by a carboxylic 
acid),"'*'^'*"'^'''^^' neither of which are worthwhile if one requires 
the diazo compound itself for further synthetic transforma- 
tions. Notwithstanding the aforementioned examples, we set 
out to develop a new, user-friendly method for the dehydro- 
genation of hydrazones that offers a broad substrate scope 
and a simple purification of the diazo compound. We now 
report our results. 

Results and Discussion 

With the aforementioned objectives in mind, we began investi- 
gating iodine-based oxidants. As noted by Barton et al., the 
oxidation of simple hydrazones with molecular iodine leads, in 
the presence of a base, to iodinated species by the intermedia- 
cy of the diazo compound, or, as in the case of benzophenone 
hydrazone (1), to the corresponding diazo compound, diphen- 
yldiazomethane (2).'^^'^'" Other methods, based on the combi- 
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nation of sub-stoichiometric iodine source and a stoicliiometric 
oxidant, suggest the involvement of an iodine-based oxidant 
in these processes. Using benzophenone hydrazone (1) to 
investigate oxidation conditions, we found that the use of 
W-iodosuccinimide at — 78 'C, together with one equivalent of 
base, led to diphenyldiazomethane (2) in reasonable yield 
(Table 1, entries 1 to 3) but accompanied by up to 24% of ben- 



Table 1. Oxidation of benzophenone hydrazone using TsNIK and related 
reagents. 



HjN,, 



Ph Ph 
1 



conditions 



N2 

U 

Ph Ph 



Ph N= 

)=n' 

Ph 

3 



Ph 



Entry 


Conditions 


Yield [%]■ 


s] 






1 


2 


3 


1 


NIS (1.0 equiv), IMG (1.0 equiv), THF -78 'C 


nd 


71 


11 


2 


NIS (1.0 equiv), DBU (1.0 equiv), THF -78 °C 


nd 


64 


24 


3 


NIS (1.0 equiv), NEt, (1.0 equiv), THF -78 °C 


nd 


81 


7 


4 


TsNIK (1.1 equiv), THF/H^O (23:2), rt 


4 


84 


3 


5 


TsNIK (1.1 equiv), THF/KOH (4:1), rt 


4 


94 


<1 


6 


aqueous "KOI" (3 equiv), H^O/EtjO, rt 


79 


20 


nd 


7 


TsNIK (1.1 equiv), DMF, rt 


11 


88 


nd 


8 


TsNIK (1.05 equiv), THF, 18-crown-6 (0.1 equiv), rt 


6 


90 


2 


9 


TsNIK (1.1 equiv), MeOH/HjO (49:1), rt 


53 


27 


nd 


10 


TsNCINa (1.1 equiv), THF, 18-crown-6 (0.1 equiv), rt 


33 


25 


42 


11 


TsNCINa (1.1 equiv), DMF, 0* C to rt 


74 


21 


4 



[a] Yields determined by analysis of the product isolated after an aqueous 
work-up. nd: not detected. NIS = W-iodo succinimide, DBU = 1,8- 
diazabicyclo[5.4.0]undec-7-ene, TMG = 1,1,3,3-tetramethylguanidine. 



zophenone azine 3. Based on these results, we sought alterna- 
tive methods involving a mild iodinating species capable of 
neutralizing the two proton equivalents generated during the 
oxidation of the hydrazone, as the less stabilized diazo com- 
pounds readily decompose in the presence of acid. The rarely 
investigated A/-iodo potassium p-toluene-sulfonamide salt 4 
(TsNIK, also known as iodamine-T), potassium salt and iodinat- 
ed counterpart of the well-established chloramine-T, was se- 
lected on the basis of these criteria. This reagent is convenient- 
ly and rapidly prepared from inexpensive p-toluenesulfon- 
amide in multi-gram quantity and good yield (74%) by treat- 
ment with iodine in a mixture of aqueous Kl and KOH, and 
simply collected by filtration.™ Alternatively, because iodine is 
considered as an "at risk" element,'"' we developed a second 
protocol using Kl and bleach solution to generate iodine, a pro- 
tocol that gave the reagent in 44% yield (Scheme 1). 

To solubilize the TsNIK reagent, a mixture of THF and water 
(ratio 23:2) was first chosen to carry out this reaction at room 



Me- 



SOpNHp 



aq. I2, Kl, KOH 
(74%) 

or 

aq. NaOCI (7.5%) 
Kl, HCI, then KOH 
(44%) 



Me 



SOoNIK 



Scheme 1. Preparation of W-iodo p-toluenesulfonamide potassium salt 
(TsNIK). 



temperature (Table 1, entry 4). Diphenyldiazomethane (2) was 
obtained in good yield under these conditions using a slight 
excess of oxidant, while benzophenone azine 3 was produced 
as a side product. The use of a solution of potassium hydrox- 
ide (1 m) in a mixture with THF (ratio 4:1) led to a comparable 
yield but improved the purity of the final product obtained 
after a simple work-up (Table 1, entry 5). The reduction of 
TsNIK produces potassium iodide, which is in turn susceptible 
to oxidation to iodine. In the presence of potassium hydroxide, 
iodine gives the unstable hypoiodite KOI, which disproportion- 
ates at appreciable rates to give potassium iodide and iodate. 
In another experiment, we found that an excess of freshly pre- 
pared hypoiodite aqueous solution led to partial oxidation of 
a solution of hydrazone 1 in ether (Table 1, entry 6). Unfortu- 
nately, the yield was low, likely owing to the rapid decay of po- 
tassium hypoiodite and to inefficient mass transfers. In this 
regard, the potassium salt TsNIK might act as a stable hypoio- 
dite equivalent. 

The reaction can also be successfully carried out in dry dime- 
thylformamide, giving 88% conversion of the hydrazone 1 into 
diazo compound 2 (Table 1, entry 7). Reaction in dry THF was 
possible by addition of 18-crown-6 (0.1 equiv) to increase solu- 
bility of TsNIK (Table 1, entry 8). Reactions carried out in metha- 
nol/water led to poor conversions (Table 1, entry 9). Using the 
THF/KOH (1 m) solvent system, the sulfonamide resulting from 
the reduction of TsNIK was easily and quantitatively removed 
from the reaction media by washing with a solution of potassi- 
um hydroxide (1 m) and extraction in diethyl ether. Moreover, 
the product extracted in the organic phase was found to be of 
satisfactory purity (96% by ^H NMR analysis), and further purifi- 
cation was not carried out. p-Toluenesulfonamide, the precur- 
sor to TsNIK, was recovered from the aqueous phase by an 
acidification/extraction sequence, and in principle can be recy- 
cled by treatment with I2/KI/KOH or Kl/bleach. In contrast, the 
use of TsNCINa (chloramine-T) for hydrazine oxidation proved 
unsatisfactory under similar conditions (Table 1, entries 10 and 
11). 

Based on these encouraging results and in order to establish 
the scope of this oxidation, we set out to prepare a number of 
hydrazones from diverse ketone precursors. Various a-ketoest- 
er and a-ketoamide hydrazones were obtained by condensa- 
tion of either commercially or readily available a-keto-esters or 
-amides with hydrazine hydrate in presence of a weak Br0nst- 
ed acid, as previously reported (Table 2).'"*"'^" The reaction was 
carried out in methanol/water using acetic acid (conditions a. 
Table 2) or in THF using benzoic acid (conditions b. Table 2), 
and under both sets of conditions, hydrazones were obtained 
in high yields as separable (£)- and (Z)-isomers. However the 
latter set of conditions (b) offer several advantages allowing 
the reaction to take place within a few hours, at room temper- 
ature, using only one equivalent of acid and hydrazine hydrate, 
whereas the original conditions (a) required acetic acid as a co- 
solvent and an excess of hydrazine (2 equiv). Excellent conver- 
sions into the corresponding hydrazones were obtained for 
a range of a-ketoesters (Table 2, entries 1-10) and a-keto- 
amides (Table 2, entries 10, 11 and 16-18). Lower yields were 
obtained for hydrazones 6m-o (Table 2, entries 13-15) derived 
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Table 2. Hydrazone formation.'' 







0 


n 

0 












5 


6 






Entry 




Ketone 


Hydrazone 


Yield [%] 


E/Z ratio 






R 


X 




(conditions) 




1 


5a 


Ph 


OEt 


6a 


99 (a) 
97 (b)™ 


23:77 
26:74 


2 


5b 


4-MeO-C6H4 


OEt 


6b 


77 (a) 
92 (b)*' 


22:78 
23:77 


3 


5c 


2-MeO-CeH, 


OEt 


6c 


94(a) 


35:65 


4 


5d 


4-Br-C6H4 


OEt 


6d 


96 (b) 


37:63 


5 


5e 


/Pr 


OEt 


6e 


92 (a) 
92 (b)™ 


34:62 
37:63 


6 


5 f 


Me 


OEt 


6 f 


91 (a) 


100:0 


7 


5g 


PhCHjCHj 


OEt 


6g 


99 (a) 


87:13 
94'6 


8 


5h 


Ph 


OCH2CH=CH2 


6h 


91 (a) 
90 (b)*' 


24:76 
28:72 


9 


5i 


Ph 


Oc-Hex 
0 0 


6i 


98 (a) 

99 (b)*' 


18:82 
30:70 


10 


5j 




6j 


96 (hy" 


88:12 








Me 






















11 


5k 


( 


H 


6k 


65 (b)*' 


89:11 


12 


51 


( 


Me 


61 


98 (b)*' 


85:15 














13 


5m 


2-thienyl 


OEt 


6m 


36 (b) 


41:59 


14 


5n 


2-pyridyl 


OEt 


6n 


68 (b)*' 


9:91 


15 


5o 


1-Boc-indol-3-y 


OlVle 


60 


54 (b) 


48:52 


16 


5p 


Ph 


NHCH2CH=CH2 


6p 


99 (b) 


16:84 


17 


5q 


Ph 


NH(2,5-(MeO)2QH3 


6q 


98 (b) 


10:90 


18 


5r 


Ph 


NHCH2(2-furyl) 


6r 


98 (b) 


12:88 


[a] Reagents and 


conditions: (i) N2H4-H20 (2 equiv), acetic 


acid/methanol/water, rt, 1-17 h; ( 


■) N2H,-H20 


(1 equiv), benzoic acid (1 equiv), THF, rt, 14-39 h. [b] Hydrazone 


isomers were not separated, [c] Hyd 


razine ace- 



tate was used instead of hydrazine hydrate and benzoic acid. 



from heteroaromatic ketones that gave significant amounts of 
carbazide by displacement of tlie ester alkoxy group. The con- 
figuration of the C=N bond was determined on the basis of 
the HHj signals in the^H NMR spectrum, and the IR carbonyl 
resonance frequencies, based on the existence of an intramo- 
lecular hydrogen bond in the (2)-isomer 

a-Keto phosphonate hydrazones 7a-b were obtained by an 
adaptation of a known procedure,'''°'''^'from condensation of 
equimolar quantities of trialkyi phosphites with acyl chloride 
(Michaelis-Arbuzov reaction) followed by one-pot condensa- 
tion with hydrazine hydrate in the presence of acetic acid 
(Scheme 2). Similarly to a-ketoesters and a-ketoamides, a-keto- 
phosphonate hydrazone 7 b exists as its separable (£)- and (2)- 
isomers whilst hydrazone 7a was obtained as pure (£)-isomer 
Hydrazone 8 was obtained by the method previously de- 
scribed by Hauptmann and co-workers starting from the corre- 
sponding a-bromo ketone (Scheme 2).'''^'Benzil monohydra- 
zone (9) was obtained by a literature procedure.''*^' 



The stability of the hydrazones 
6-8 was variable. Although all of 
them could be kept at — 5°C 
under argon for several months, 
storage in air at room tempera- 
ture was followed by partial de- 
composition for products 6b-g. 
On the contrary, hydrazone 6a 
was found to be stable for sever- 
al months under the same stor- 
age conditions. Partial isomeriza- 
tions during storage in isolated 
form and in solution were fre- 
quently observed (mostly in 
favour of the (£)-hydrazone). 

The TsNIK oxidation conditions 
previously described were then 
applied to various hydrazones, 
including those prepared as de- 
scribed above (Table 3, condi- 
tions a). Unless specified, the 
product was obtained free of 
sulfonamide and in >95% 
purity (determined by 'HNMR 
spectroscopic analysis of the 
final product) following a single 
extractive work-up. Benzil mono- 
hydrazone (9) gave a quantitative 
conversion into azibenzil (10; 
Tables, entry 1). Both (£)- and 
(Z)-hydrazones of ethyl phenyl- 
glyoxylate 6a were oxidized 
with success and gave similar 
yields of diazoester 11a (Table 3, 
entry 2). 4-Methoxy-, 2-methoxy- 
phenyl and 4-bromo- derivatives 
(6b-d) were readily converted 
into the corresponding diazoest- 
ers, llb-d (Table 3, entries 3-5). 
a-Ketoester hydrazones substituted by various alkyi groups, 
6e-g, were also oxidized in excellent yields (Table 3, entries 6- 
8). Variation in the ester moiety of the a-ketoester hydrazone 



o 

R1^CI 



o 

R'^P(0R2)2 

6 



H,N,^ 
R^ P{0R\ 

6 

7a R'' = r2 = Me 
7b r' = CHoPh, r2 = 



Ph- 



O 

,A^Br 



Ph 



"NH2 



Scheme 2. Formation of a-keto-phosphonate hydrazones 7 and a-keto-alde- 
hyde hydrazones 8. Reagents and conditions: a) P(0R^)3, neat; b) N2H4-H20 
(2 equiv for 7a, 1 equiv for 7b), acetic acid/R^OH, 7a 59%, 7b 87%; 
c) N2H4 H2O (3 equiv), MeOH reflux, 53%. 
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Table 3. Oxidation of hydrazones to diazo compounds and a one-pot sequence from ketones to diazo compounds.'' 



N' 
jl 

R EWG 



N2 

U 

R EWG 



O 



10-13 



Entry Ketone/ 

Hydrazone 



Yield [%] 

i™ ii'^ 



Entry Ketone/ 

Hydrazone 



O 
11 

Product 



Yield [%] 

j[bl jj[cl 



5a 
6a 

5b 
6b 



6c 



5d 



10 



11a 



lib 



11c 



lid 




^OEt 



^OEt 



100 



93'" 
95" 



97 



93"" 87 



89'" 



95 



12 



13 



14 



15 



16 



5k 



5! 



5m 
6m 



5n 



5o 
60 



11! 



11 m 



11 n 



II0 



11k \JL 



N 

Me 

N2 

COzEt 
,N 



N, 



OEt 



9419! 



g5[t9l _M 



85's 



79' 



,[dl _[hj 



5e 
6e 



5f 
6f 



lie 



11 f Me^ 



.OEt 



87'"' 87 



67"" 96 



17 



5p 



5q 



lip 



11q 



N=N 



OH 



N=N 



MeO 



OH 



85'* 



91 



5g 
6g 



11g 



91'" 84 



5r 



11 r 



OH 



75SI 



5h 
6h 



11h 



95'"' 88 



20 



7a 



12a Me p. 



56" 



10 



11 i 



11 j Me-^0 



93'"' 99 



68 



21 



22 



7b 



12b 



13 



PC 



,OEt 



;oEt 



94'= 



94"^ 



[a] Reagents and conditions: (i) TsNIK (1.1 equiv), THF/aq. KOH (1 m). EWG: CO^R', POCOR^)^; (ii) N2H4 H2O (1.0 equiv), benzoic acid (1.0 equiv), THE, then aq. 
KOH (1 m), TsNIK (1 .2-1 .6 equiv). [b] Yield based on starting hydrazone. [c] Yield based on starting ketone, [d] From (Z)-hydrazone. [e] From (E)-hydrazone. 
[f] From mixture of {£)- and (Z)-hydrazone. [g] Purification by chromatography was necessary, [h] A complex mixture was obtained containing the diazo 
compound in small quantity. 



was also tolerated {allyl- in 6i, cyclohexyl- in 6h; Table 3, en- 
tries 9 and 10). Similarly, diazophosphonates 12a-b were ob- 
tained from a-keto phosphonate hydrazones 7a-b In good 
yield by using the same procedure (Table 3, entries 20 and 21). 
The yield for methyl diazophosphonate 12a was somewhat 
lowered owing to its enhanced water solubility, thus compli- 
cating the extractive work-up. The ketoaldehyde monohydra- 
zone 8 was also oxidized to the corresponding diazoketone 13 
in excellent yield (Table 3, entry 22). As noted by Hauptmann 
and co-workers,'''^' this route for the preparation of diazoke- 



tones such as 13 represents an interesting alternative to the 
classical synthesis of this type of compound which involves 
the condensation of an acyl chloride with an excess of diazo- 
methane. 

Because both hydrazone formation and oxidation steps 
could be carried out in the same solvent (THF), we envisioned 
the possibility of combining those two steps into a one-pot 
process. Thus, the hydrazone was first produced by using one 
equivalent of hydrazine hydrate; later addition of KOH (1 m) 
and TsNIK to the mixture gave, after extraction, the corre- 
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spending diazoester in pure form. a-Ketoesters gave diazo 
compounds in excellent yield by following this procedure 
(Table 3, conditions b), with yields comparable to those previ- 
ously obtained through the two-step process. The enhanced 
yield obtained for diazoacetate 11 f in the one-pot process, in 
comparison with the direct oxidation of hydrazone 6f, can be 
explained by the relative instability of the hydrazone precursor 
that was found to undergo decomposition upon storage. The 
failure of the one-pot process for ketones 5 m and 5o (Table 3, 
entries 14 and 16) is likely to be due to the low efficiency of 
the hydrazone formation step, as noted previously for these 
compounds (Table 2, entries 13 and 15). Diazo compounds 
11m and 11 o were obtained in good yield starting from isolat- 
ed hydrazones 6 m and 6o. 

The pyridinyl diazoacetate derived from ketone 5n was not 
observed as it undergoes a spontaneous 1,5-electrocyclization 
to give the previously reported triazolopyridinell n.''"' A similar 
case of cyclization was observed in the attempted preparation 
of diazoamides from a-ketoamides 5 p-5 r that resulted in iso- 
lation of 5-hydroxy-l,2,3-tnazoles 11 p-11 r in high yield. Such 
cyclizations of a-diazoamides into 1,2,3-triazol-5-ols were ob- 
served as early as 1904 by Dimroth and take place in the epon- 
ymous rearrangement of 5-amino-l,2,3-tnazoles, during which 
diazo compounds are believed to be present as intermedi- 
ates.'''^-'"! 



Conclusion 

We have developed a new method for the dehydrogenation of 
hydrazones to diazo compounds. This method permits the 
preparation of stabilized diazo compounds such as diazoesters, 
diazoamides, diazoketones, diazophosphonates and diphenyl- 
diazomethane in high yields. A range of diazoesters was ob- 
tained in a one-pot procedure starting from the corresponding 
ketones. In most cases, diazo compounds were obtained in 
high purity following a simple extractive work-up without the 
need for further purifications. 



Experimental Section 

General method for the synthesis of a-ketoester and 
a-ketoamide hydrazones 6 

Method A:'^''Hydrazlne hydrate (2 equiv) was slowly added to 
a mixture of glacial acetic acid (SOmLmor^) and water 
(SOmLmor^) cooled in an ice bath. The a-keto-ester or -amide 
(1 equiv) was added to the mixture at room temperature and 
methanol was added in order to obtain a homogeneous solution 
when necessary. The reaction mixture was stirred at room tempera- 
ture until completion of the reaction as judged by TLC. The vola- 
tiles were removed under reduced pressure. Water (1.6Lmor') 
was added to the residue and the mixture was extracted with 
ethyl acetate (S.OLmor'). The combined organic phases were 
washed with saturated sodium hydrogen carbonate (l.OLmor^), 
saturated brine (0.5 Lmor') and dried over MgS04. The solvent 
was removed under reduced pressure to give a residue that was 
purified by column chromatography if necessary. 
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Method B: Hydrazine hydrate (1 equiv) was added to a solution of 
benzoic acid (1 equiv) and a-keto-ester or -amide (1 equiv) in THF 
(3 LmoT^), upon which the hydrazine benzoate precipitates in the 
solution. The mixture was stirred at room temperature during 
which the visible precipitate disappeared completely. The solution 
was poured on saturated sodium hydrogen carbonate solution 
(2.0 Lmor') and extracted with ethyl acetate (6.0 Lmor'). The 
combined organic phases were washed with saturated brine 
(0.5 Lmor') and dried over MgS04. Evaporation of the solvent 
under reduced pressure gave a residue that was purified by 
column chromatography if necessary. 

Potassium N-iodo p-toluenesulfonamide 4 (TsNIK) 

Prepared by a modification of a procedure previously described.'^''' 
A solution of p-toluenesulfonamide (4.55 g, 26.6 mmol) in aqueous 
potassium hydroxide (10%; 11.5 mL) was added to a solution of 
potassium iodide (18.0 g, 108 mmol) and iodine (9.00 g, 
35.5 mmol) in water (20 mL). Aqueous potassium hydroxide (50%; 
6 mL) was added, upon which loss of the colouration owing to 
iodine occurred and a yellow precipitate appeared. The yellow 
solid was filtered, dried under suction and washed with ether 
(20 mL) to give the title compound as a yellow solid (6.57 g, 74%). 
M.p.: 220°C (decomposition; no m.p was reported in previously 
published preparation)''®. 'H NMR (400 MHz; [DJDMSO): (5 = 7.50 
(2H, d, J = 8.0, ArH), 7.15 (2H, d, J = 8.0, ArH), 2.31 ppm (3H, s, 
CHj); "C NMR (100 MHz; [DJDMSO): (5 = 144.0 (C), 138.1 (C), 128.0 
(CH), 126.6 (CH), 20.8 ppm (CH3); IR(ATR): v = 1191, 1065, 959, 664, 
625 cm"'; elemental analysis calcd (%) for C7H7INO2S: C 25.08, H 
2.10, N 4.18; found: C 24.89, H 2.01, N 3.95. The product showed 
no signs of decomposition when stored in the dark at room tem- 
perature over several weeks but decomposes with iodine release 
when heated above 220 C. 

TsNIK oxidation of hydrazone to the corresponding diazo 
compound: procedure A 

A suspension of potassium A/-iodo p-toluenesulfonamide (369 mg, 
1.1 mmol) in a solution of hydrazone in THF (1 mmol in 4 mL) was 
prepared. For the hydrazones that were solid at room temperature, 
THF was added to a mixture of the hydrazone and potassium N- 
iodo p-toluenesulfonamide. Aqueous potassium hydroxide (1 m) 
was slowly added to the THF suspension (so that the final volume 
ratio KOH (1 m)/THF was 1:4). This caused dissolution of the potas- 
sium salt in the mixture and the appearance of a yellow to red col- 
ouration. In all cases the reaction was complete after stirring for 
1 h at room temperature. The mixture was poured into aqueous 
potassium hydroxide (1 m; 5 mL) and extracted with ether (30 mL). 
The ethereal phase was washed with aqueous potassium hydrox- 
ide (1m; 5 mL), saturated brine (5 mL) and dried over MgS04. Re- 
moval of the solvent under reduced pressure gave diazo com- 
pounds which were >95% pure as judged by 'H NMR spectrosco- 
py- 

One-pot process hydrazone formation and oxidation, from 
a-ketoester to the corresponding diazo compound: 
procedure B 

The starting a-ketoester (1.0 mmol) and benzoic acid (123 mg, 
1.0 mmol) were dissolved in THF (4 mL) and hydrazine hydrate 
(49 |j,L, 1.0 mmol) was added. The mixture was stirred at room tem- 
perature for 16 h or until disappearance of the colourless hydrazine 
salt precipitate and completion of the reaction as judged by TLC. 
Aqueous potassium hydroxide (1 m; 1 mL) was then added at room 
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temperature, followed by slow addition of potassium N-iodo p-tol- 
uenesulfonamide (402 mg, 1.2mmol). The reaction progress was 
monitored by TLC. When required, additional quantities of TsNIK 
were added to the mixture (in 0.1 mmol portion). After completion, 
the reaction mixture was poured into aqueous potassium hydrox- 
ide (1m; 5 mL) and extracted with ether (30 mL). The ethereal 
phase was washed with aqueous potassium hydroxide (1 m; 5 mL), 
saturated brine (5 mL) and dried over l\/lgS04. Removal of the sol- 
vent under reduced pressure gave diazo compounds that were 
over 95% pure as judged by NMR spectroscopy. 
Further experimental detail, and characterization data for all com- 
pounds are given in the Supporting Information. 
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